Summary box
► Children account for more than half of the global population, and provision of children's surgical care is critical for ensuring Universal Health Coverage (UHC). ► A number of global surgery partnerships between high-income and low-income countries may fail due to complex ethical, cultural and financial challenges, and poor planning. ► Use of participatory approaches have the potential of enhancing sustainable partnerships, through facilitating a non-hierarchical environment, promoting mutual trust, and shared values of cultural humility and reciprocity. ► Surgical health systems strengthening through interdisciplinary and holistic workforce development; medical student training; and research capacity building, are important strategies for improving quality of care in children's surgery.
AbSTrACT
Global surgery is an essential component of Universal Health Coverage. Surgical conditions account for almost one-third of the global burden of disease, with the majority of patients living in low-income and middle-income countries (LMICs). Children account for more than half of the global population; however, in many LMIC settings they have poor access to surgical care due to a lack of workforce and health system infrastructure to match the need for children's surgery. Surgical providers from highincome countries volunteer to visit LMICs and partner with the local providers to deliver surgical care and trainings to improve outcomes. However, some of these altruistic efforts fail. We aim to share our experience on developing, implementing and sustaining a partnership in global children's surgery in Tanzania. The use of participatory methods facilitated a successful 17-yearlong partnership, ensured a non-hierarchical environment and encouraged an understanding of the context, local needs, available resources and hospital capacity, including budget constraints, when codesigning solutions. We believe that participatory approaches are feasible and valuable in developing, implementing and sustaining global partnerships for children's surgery in LMICs.
InTroduCTIon
Neglected surgical conditions account for almost one-third of the global burden of disease, with the majority of patients living in low-income and middle-income countries (LMICs). 1 Global surgery is an essential component of Universal Health Coverage (UHC), 2 impacting directly on life, death and disability, and indirectly on economic growth. The misconception that surgery is expensive has led to a significant disparity in the access to safe and affordable surgical care worldwide. 3 Provision of children's surgical care is critical to ensuring UHC; however, in many LMIC settings, there is a lack of workforce and health system infrastructure to match the need for children's surgery. Children account for more than half of the global population, yet <8% of the child population of LMICs has access to surgical care. [4] [5] [6] THe ConTexT for CHIldren'S Surgery In TAnzAnIA By 2018, Tanzania had a population of 54.2 million, of which half were children. 7 The country's ratio of Surgeons, Obstetricians and Anaesthesiologists (SOA) per 100 000 population is 0.46, far lower than the recommended 20 SOA workforce/100 000 population. 8 The government's expenditure on health is approximately 10% of its gross domestic product. 9 Children's surgery in Tanzania is served by two main hospitals: Muhimbili National Hospital (MNH) in Dar Es Salaam is a national referral centre and university teaching hospital, with 1500 beds, up to 1000 outpatients per day and 1200 inpatient admissions per week. 10 MNH's Children's Surgery Unit is responsible with all the general surgical cases of children under 11 years, from the entire country. Currently, up to 10 general paediatric surgical cases are performed daily; however, this was not always the case. Kilimanjaro Christian Medical Centre (KCMC), another referral hospital (located at the foothills of the Mount Kilimanjaro) has a capacity of 630 official beds caring for 500-800 inpatients, 40 baby incubators and 1300 staff. Prior to 2002, there was only one operating theatre in each of KCMC and MNH, shared by adults and children.
HISTorICAl bACkground of THe TAnzAnIA-oxford pArTnerSHIp
With the formation of a new medical school in 2002, Kilimanjaro Christian Medical University (KCMU), the vice chancellor of KCMU made an official invitation to a retired surgical colleague in Oxford to help develop a surgical specialities curriculum and training. Starting as a multi-disciplinary surgical partnership, aiming to support the training and development of children's surgical services to provide safe children's surgery at the institution and Tanzania more widely, this initial invitation commenced the now 17-yearlong sustainable partnership in children's surgery between Oxford and Tanzania. The partnership evolved yearly from 2002 to 2012 at KCMC, and later from 2012 to present, at MNH. There is now a dedicated children's operating theatre and children's surgical ward (fully staffed), performing an average of three complex cases daily, along with community-based staff and resources for follow-up and awareness of children's surgical cases. An ambulatory children's surgical at a close by district general hospital is also supported. The move from KCMC to MNH was in response to an urgent need for children's surgical workforce development, due to the untimely deaths of the senior children's surgeons at MNH.
SurgICAl volunTeerISm
In response to invitations from Tanzanian colleagues, a multi-disciplinary team (MDT) of clinical staff from Oxford made voluntary, self-funded visits, lasting 10-14 days, using their annual leave for the first few years of the partnership. More recently, the partnership has been fully funded, through the generous philanthropic legacy of the Hugh Greenwood Foundation, through the University of Oxford. Traditionally, surgical volunteerism has been at the forefront of global surgery efforts responding to the significant burden of surgical disease in LMICs. Surgical providers from high-income countries (HICs) volunteer to visit LMICs and partner with the local providers to deliver surgical care and trainings to improve outcomes. Collaborations with international organisations have been active in provision of healthcare services in LMICs. However, some of these altruistic efforts fail due to complex ethical, cultural and financial challenges and poor planning. 11 Guidelines and recommendations on establishing partnerships and missions in LMICs have been put forward to maximise effectiveness and minimise risks of potential harm. 12 13 There is however, limited information on models guiding the development and sustainability of global children's surgery partnerships in resource-limited countries. We aim to share our experience on developing, implementing and sustaining, a successful 17-yearlong partnership in global children's surgery in Tanzania.
pArTICIpATory ApproACHeS To pArTnerSHIp buIldIng And HeAlTH SySTemS STrengTHenIng
The Tanzania-Oxford children's surgery partnership used a model of participatory learning and action cycles to build healthcare infrastructure and workforce relating to children's surgery, focusing on three of the six pillars of surgical health systems: infrastructure, workforce and service delivery. 14 Participatory approaches focus on: (1) concrete contexts and relationship of stakeholders, (2) reflective and dialogical learning processes and (3) democratic and inclusive decision-making. 15 Instead of basing priorities for children's surgery on predefined values, norms and principles, local priorities were cocreated between partners. We used an iterative process (figure 1) by which all local stakeholders for children's surgical care provision in Tanzania were encouraged (through facilitated group discussions) to critical reflect on and identify the areas of need within their health system, and to make formal invitations to the team based at Oxford University Hospitals NHS Trust to further analyse these priority areas, linking these to the health system building blocks, to ensure a systems-based approach to strengthening children's surgical services. The team (including clinical BMJ Global Health staff, technicians, paramedical staff, allied health workers and hospital administrators) then took collective action to meet the priority areas, revisiting these priorities on an annual basis. Finally, the team reflected on the work accomplished, encouraged further creative thinking to solve local problems, using local resources and empowered locally based leadership in children's surgery, anaesthetics and nursing care.
THe ImporTAnCe of CulTurAl HumIlITy And reCIproCITy At the heart of the partnership model were the values of cultural humility and reciprocity. It was important for the visiting team, not to exert their cultural influences and ways of working into another health system, where many of these practices would not be adoptable or sustainable in the local Tanzanian context. The use of participatory methods facilitated a non-hierarchical environment. As well as encouraging an understanding of the context, local needs, available resources and hospital capacity (including budget constraints); when codesigning solutions, the egalitarian nature of the partnership, facilitated constancy of the partnership during times of change.
Some examples of the innovative solutions generated in response to participatory action and learning cycles are outlined below.
Example 1: In response to the identified problem of providing healthy inpatient meals for children, action was taken by KCMC hospital staff to provide nutrition to inpatients, by growing fresh vegetables on site for their patient's daily meals. By engaging resident family members in this process of vegetable cultivation, the scope of the work further expanded to engage families in issues around handwashing, hygiene, climate change, recycling and children's nutrition (figure 2). Example 2: As children's services expanded to include neonatal surgical patients, the need was identified for more neonatal incubators in the hospital. Traditional incubators from the UK can cost up to US$40 000.00 and rely heavily on a power source, and require maintenance and back-end support for technical difficulties. The KCMC hospital in response, developed its own low-cost neonatal incubators costing US$10 per incubator. The innovation of a low-cost incubator by-passed the need for background technical support and provided the humidity and warmth required in the immediate neonatal period at a low cost (figure 3).
Many LMIC hospitals receive donated equipment with good intentions, but without considering the necessary training, IT support and electricity needs to maintain the equipment. 16 Working in low resource settings, understanding the financial constraints and adapting to available resources are a few of the many skills gained by the HIC partner and taken back to the UK, as part of the participatory approach and reverse innovation taking place during the partnership.
CHAllengeS In provIdIng CHIldren'S SurgICAl ServICeS
In TAnzAnIA Prior to the partnership, Tanzania had no practicing children's surgeons. Children's surgical care was provided by adult general surgeons. This limited the scope of operating to general children's surgery, with a lack of specialisation to deal with complex congenital malformations and children's cancer surgery. Adult general surgeons, anaesthetists, surgical trainees, medical students and nursing staff had not been exposed to children's surgery as a specialist area, requiring specific clinical skills. Training and education in children's surgery were needed and required to be delivered taking into account the multi-disciplinary nature of children's surgery.
At MNH, children's surgery came under the umbrella of general surgery, both sharing and competing for operating theatre time and space with adult surgery and obstetrics. This had resulted in a 3-year waiting-list for elective children's surgery. Lack of designated operating theatre space and time had meant that elective children's surgery was neglected in favour of adult emergency cases.
STrengTHenIng THe HeAlTH SySTem: workforCe developmenT education and training programme
The training and education components focused on clinical settings: (1) operating theatre, (2) clinic, (3) ward and (4) community (table 1) . 
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Skills training
Capacity for children's surgery was built by first training adult general surgeons to perform children surgery. Adult general surgeons were then progressively supervised and supported to become bona fide children's surgeons. Surgeons were selected based on recommendation by the LMIC and HIC leads, for 6 weeks to 3 months of targeted training in children's surgery in Oxford. Capacity was built for bowel surgery, including anorectal malformations, surgical management of Hirschsprung's disease, liver surgery (including biliary atresia surgery); complex paediatric urology, including cloacal abnormalities, complex staged surgery for urological and gastroenterological abnormalities and children's oncological surgery. Adult general surgeons were also supported in forming and running MDT meetings in children's oncology, and encouraged to audit their surgical practice regularly through monthly morbidity and mortality meetings. A joint clinic with a local Tanzanian and UK surgeon was conducted at each visit for review of complex cases.
In parallel to the surgical collaboration, a team of theatre nurses, anaesthetists, neonatal nurses and allied health workers from the Oxford provided holistic surgical care and training on subjects including WHO surgical safety checklist, preparing a theatre trolley for common paediatric surgical emergencies and infection control within the operating theatre and wards.
To meet the needs of children's nursing for paediatric surgical patients, local nurses working on the general medical children's ward received training on children's surgery ward skills, including wound and colostomy care and catheter care for patients with spina bifida. Additionally, the nursing teams worked on developing a community outreach service for complex children's surgery patients and their families.
Patient care
The core value of the partnership has been to provide quality children's surgical care in Tanzania. There is now a dedicated ward for children's surgery with trained children's surgical nurses. This has encouraged interprofessional learning through joint ward rounds with paediatricians, clinical meetings with oncology and neonatology teams for planning managements and refresher training during the annual visits. Community nurses are now engaging with ward staff on patients with spina bifida. There is now dedicated surgical junior and senior staff for children's surgeries, who are working to make MNH a hub to both children's surgical care and research in the country. Local paediatricians from the adjacent medical children's ward were approached to collaborate and perform daily ward rounds on children's surgical side.
Training was given in various modes, from short courses, informal trainings, electives for medical students to formal master-level training. Three of the fully trained paediatric surgical trainees from Oxford, who were engaged in this partnership, have subsequently moved to LMIC contexts to start their careers in children's surgery as consultants. The partnership is now working in collaboration with the College of Surgeons of East Central and Southern Africa (COSECSA) to address the limited training opportunity in children's surgery in sub-Saharan Africa, and developing a curriculum for children's surgery for clinical officers (a cadre of health professional in Tanzania who often perform minor surgical operations in both main and district hospitals).
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Training of medical students
The Tanzania-Oxford partnership further embraced their medical schools in developing an elective programme for Tanzanian students. A fully funded elective programme was instituted by the Oxford University Nuffield Department of Surgery for Tanzanian students to spend their electives at the Oxford University medical school from 2008 to 2012. A number of bursaries were offered by individuals from the UK teams to medical students. This collaboration led to the formation of joint research projects and platforms for sharing educational skills among medical students from the two institutions. This further led to the formation of Oxford Paediatric Surgery Linking Our Research with Electives to harness the power of medical students in global surgery research. Students from Oxford with an interest in global health were selected and supervised by the HIC lead (KL). Students were trained and oriented to the partnership and prepared to work alongside their LMIC partner.
developIng reSeArCH CApACITy
To date, the Tanzania partnership has generated 14 publications in peer-reviewed journals and 54 abstracts presented at international research meetings, 18 book chapters, 4 international fellowships in children's surgery and 5 scholarships for training in better resourced parts of Africa. 5 17-31 The Tanzanian research team are actively collaborating on the multi-site Global Paedsurg sub-Saharan African research 21 and are one of four centres implementing the gastroschisis care bundle. 20 Building capacity to young researchers through the partnership will enable independent local researchers to pursue funding and research opportunities to improve global children surgery.
ImprovIng HeAlTH SySTemS InfrASTruCTure And ServICe delIvery
A systems-based approach was adopted for improvement of children's surgical services, addressing various levels of health system constraints for quality improvement of children's surgery and programme development 32 and taking into account the building blocks of health systems (table 2; figure 4 ).
Children's operations were done on two half-days in a week, with two operating tables within each adult theatre rooms since there were no specific theatres for children.
In response to this need for designated children's surgery operating theatres and operating theatre time at MNH, the Tanzania-Oxford partnership engaged and worked in partnership with a non-profit organisation called kids operating room (KidsOR). 33 In 2017, KidsOR installed two fully equipped new theatres and refurbished children's surgical ward (free of charge) for specialist children's surgical services to be delivered at MNH. This remains the largest general paediatric surgery centre in the country. The installation of the two designated children's operating theatres in Tanzania helped erase the 3 years elective surgery waiting-list in just 3 months.
Previously children's cancer surgery was performed only by visiting surgeons from HICs, or the children were sent for treatment outside of Tanzania. Now, local surgeons feel empowered and confident enough to perform cancer-related surgery in-country, with local follow-up care, and are no longer reliant on overseas teams to visit. A study done at MNH reported in-hospital survival of 87% for solid tumour surgery in children. 23 Refurbishment of the children's ward to include surgical cases also had the unintended effect of fostering a spirit of mutual cooperation between the children's surgical and medical teams who now conduct joint ward rounds. The nursing programme on catheter care for BMJ spina bifida and colostomy care helped to reduce re-admissions for catheter and stoma-related problems.
ConCluSIon
We have presented a participatory approach to partnership development around children's surgical services in Tanzania. In our experience, the success of this partnership has been in building trust through the shared values of cultural humility and reciprocity (box 1). Often in the establishment of partnerships between HIC and LMIC, the terms of the partnership are dictated by funding bodies or sharing of resources from the HIC to LMIC. Some of the priorities for funding bodies and HIC partners may not match the needs and interests of the LMIC partners, and can lead to problems of uptake and sustainability, as well as propagation of cultural hierarchies. Sustainable strategies for providing children's surgical care in LMICs settings depend on bilateral collaborative working to ensure effective and contextually relevant solutions to locally identified problems. 34 Workforce densities to population ratio remain to be a big challenge in Tanzania in achieving access to safe surgery. To date, there is no specialised training in children's surgery or anaesthesia in Tanzania. Collaborating with the COSECSA has provided opportunity for learning and improving workforce for children's surgery in Tanzania. Improvements of hospital infrastructure have enabled retention of workforce and in-country training and learning of more specialised and even complex surgical procedures. The 12 surgeons trained in paediatric surgery are now working across Tanzania and cascading training to other surgeons.
Targeting the transformation of the whole health system in the provision of children's surgical care has led to greater impact and sustainability of the programme. We have shown that this model can be useful in guiding partnerships, to align with the six core surgical indicators and strategic objectives of National Surgical Obstetric and Anaesthesia plans (NSOAPs) in achieving universal coverage for all children requiring essential surgery. 1 8 The launch of Tanzania NSOAP and its commitment to UHC is an important document to guide the future of children's surgery in Tanzania, in order to ensure that the country can achieve safe surgery for everyone. Teaching hospitals like MNH and KCMC are uniquely positioned to lead sustainable global surgery efforts that may have impact on the whole nation.
The Tanzania-Oxford partnership has contributed to health systems strengthening in relation to children's surgery in Tanzania, through focusing on the workforce, infrastructure for children's surgery and service delivery. Longer training time due to the secondment of children's surgical trainees to other hospitals created delays in developing the service to completion and succession planning. The biggest challenge was the interferences by other HIC visiting teams building their own partnerships rather than working collaboratively. In addition to visionary local leadership, we believe that participatory approaches are feasible and valuable in developing, implementing and sustaining global partnerships for children's surgery.
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